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An electrical circuit for the temperature compensation of at
least one measuring resistor structure integrated in a semi-
conductor body includes at least one further resistor structure
which 1s likewise concomitantly itegrated into the semicon-
ductor body and 1s thermally coupled to the measuring resis-
tor structure. The electrical circuit also includes a circuit
arrangement which 1s electrically connected to the further
resistor structure, feeds a current into the further resistor
structure, and evaluates a temperature-dependent voltage

dropped across the further resistor structure as a result. The
temperature-dependent voltage dropped across the further

resistor 1s used for temperature compensation of the measur-
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CIRCUIT ARRANGEMENT OF THE
TEMPERATURE COMPENSATION OF A
MEASURING RESISTOR STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from German
patent application no 10 2005 051 848.6-33, filed Oct. 28,

2003, the contents of which are incorporated herein by refer-
ence.

FIELD

The 1mvention relates to the field of temperature compen-
sation ol a measuring resistor structure, and particularly a

measuring resistor structure itegrated 1nto a semiconductor
body.

BACKGROUND

Measuring resistors such as are used in arrangements for
measuring currents, for example, are resistors which are con-
nected 1n series 1nto the electric circuit to be measured, the
voltage dropped across said measuring resistor being used for
determining the current intensity. In this case, with regard to
precision, stringent requirements are made of measuring
resistors, that 1s to say of the absolute accuracy of the resis-
tance and the greatest possible independence with respect to
temperature fluctuations. Both factors have a significant
influence on the obtainable measuring accuracy of the current
measuring arrangements.

These requirements constitute the major reason why mea-
suring resistors in circuit arrangements for current measure-
ment according to the prior art are predominantly embodied
as discrete, external components. Alongside the absolute
accuracy of the resistance which can be controlled very well
in the case of discrete components, a low temperature depen-
dence can also be achieved here by suitable selection of the
materials, the construction and the production technology.
The temperature dependence of a component 1s described by
the temperature coetficient, which specifies the temperature
drift per 1 kelvin. The unit ppm/K 1s customary in this case. A
normal discrete metal film resistor has a temperature coetii-
cient of 100 ppm/K, that 1s to say that 1t changes 1ts resistance
by 0.01% (100 ppm) for a temperature change of 1 kelvin.
Discrete precision resistors, by contrast, drift only by a value
of 25 ppm/K. The sensitivity of precision measuring devices
to disturbing temperature intluences should nevertheless be
significantly reduced further by suitable active temperature
correction of said precision measuring devices.

The continuously advancing demand for integration of
components into semiconductor bodies with a small area
requirement also relates to the integration of measuring resis-
tors 1n semiconductor circuit arrangements for measuring the
current intensity. The above-described factors of the absolute
accuracy of the resistance and the greatest possible indepen-
dence with respect to temperature tluctuations constitute the
major challenges 1n this case, too. Due to the embodiment as
a resistor structure 1n an 1ntegrated semiconductor body and
the associated production-technological tolerances and also
the temperature coellicients based on the material properties
(silicon) used, 1n this case it 1s not possible, however, to
achieve the precision with regard to resistance and tempera-
ture coelficient as known from discrete, external components.

In order to obtain the desired absolute accuracy of the
resistance of a resistor structure integrated 1nto a semicon-
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ductor body, 1t 1s known to integrate so-called laser fuses into
said resistor structure 1n the production process. These are
interruptible connection bridges in the resistor structure of the
semiconductor body, which are severed 1n a targeted manner
in order to obtain a precise adjustment of the resistor structure
to the desired resistance. This 1s effected for example by the
energy of apulsed laser, for example a Neodymian YAG laser,
which melts the metal track of the fuse arrangement locally,
thatis to say 1n a typical width of 2 to approximately 5 um, and
interrupts it in this way.

However, the temperature coelificient of such a resistor
structure 1ntegrated 1into a semiconductor body according to
the prior art 1s still subject to the production-technological
tolerances and material properties inherent 1n the creation of
semiconductor bodies and can intfluence the desired measure-
ment results 1n an impermissible manner.

SUMMARY

It 1s an advantage of at least one embodiment of the present
invention to provide a circuit arrangement comprising a resis-
tor structure concomitantly integrated into the semiconductor
body 1n the case of which the abovementioned problems do
not occur.

Such an advantage 1s achieved 1n one embodiment by
means of a circuit arrangement for the temperature compen-
sation of at least one measuring resistor structure integrated in
a semiconductor body, comprising at least one further resistor
structure which 1s likewise concomitantly integrated into the
semiconductor body and 1s thermally coupled to the measur-
ing resistor structure and a circuit arrangement which 1s elec-
trically connected to the further resistor structure, feeds a
current 1into the further resistor structure and evaluates a tem-
perature-dependent voltage dropped across the further resis-
tor structure as a result, said voltage being provided for the

temperature compensation ol the measuring resistor struc-
ture.

The advantageous etlect of the at least one embodiment of
the mnvention 1s based on the general property of integrated
circuits that resistor structures can be produced with very low
relative deviations of the characteristic values (matching)
owing to the virtually identical starting material and on
account of production in one and the same process. This
exploits the circumstance that the component structures have
virtually the same temperature owing to their small extent and
their close proximity in the semiconductor body and, conse-
quently, changes 1n the characteristic values on account of
temperature changes, 1n the present case those of the resistor
structures of the measuring resistor that are connected 1n
parallel and those of the additionally integrated resistor struc-
tures that are connected 1n series, have an 1dentical profile. On
this basis, the temperature drift of the measuring resistor can
be 1deally completely compensated for by suitable evaluation
of the temperature dependence of the additional resistor
structures connected 1n series.

In addition to the above, further advantages may also arise
from the fact that for multichannel applications for current
measurement, all the requisite resistor structures of the vari-
ous measuring resistors and the associated resistor structures
arranged 1n a manner interleaved spatially on the substrate of
the semiconductor body, for temperature correction, are real-
1zed as semiconductor circuits and cost advantages arise 1n
comparison with the use of discrete precision resistors, and
that the temperature information can be incorporated into the
measured value acquisition 1n averaged or unaveraged fash-
101.
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The above described features and advantages, as well as
others, will become more readily apparent to those of ordi-
nary skill in the art by reference to the following detailed
description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the circuit diagram of a measuring resistor
integrated into a semiconductor body and of a further resistor
which 1s additionally integrated into the semiconductor body
and matches with regard to the characteristic values, and also
the components for reciprocally evaluating the voltages at
these two resistors, and

FIG. 2 shows the detail circuit diagram and the arrange-
ment of the multiplicity of resistor structures for forming a
measuring resistor and a matching further resistor addition-
ally mtegrated into the semiconductor body.

DESCRIPTION

A circuit arrangement according to at least one embodi-
ment of the invention 1s shown 1n FIG. 1. The circuit arrange-
ment comprises an arrangement 1ntegrated 1mnto a semicon-
ductor body 1 and serving for measuring a current 16 through
an external inductive load 11, comprising a measuring resis-
tor structure R and a differential amplifier 15. Furthermore, a
first diode structure 12 acting as a freewheeling diode for the
inductive load 11, a first transistor structure 14 serving as an
electronic switch, and a second diode structure 13 connected
in parallel with the load path of the first transistor structure 14
turthermore provided in the semiconductor body 1. In this
case, the measuring resistor structure R 1s connected 1n series
with the load 11 and with the load path of the first transistor
structure 14, with the result that the load current 16 flows
through 1t. The voltage 18 dropped across the measuring
resistor structure R 1s amplified by differential amplifier 15
and applied to an mput of a multiplexer structure 19, which 1s
likewi1se mtegrated in the semiconductor body 1.

Furthermore, the circuit arrangement according to FIG. 1
comprises a circuit 2 for generating a constant current 3
comprising a second differential amplifier 6, a second tran-
sistor structure 7, an internal or external bandgap circuit (not
shown) for generating a reference voltage 21 and also a third
9 and fourth 10 transistor structure connected up to form a
current mirror with respect to a supply voltage 22 and serving
for mirroring the current 3 into the current 4. Moreover, the
circuit arrangement comprises a precision resistor 8, which is
not integrated 1nto the semiconductor body 1 and so 1s exter-
nal, in the load circuit of the circuit 2, which together with the
reference voltage 21 determines the current 3 1n such a way
that the current 3 1s equal to the ratio of reference voltage 21
to the value of the resistor 8. The current 4 1n the fixed ratio to
the current 3 flows through the resistor structure R*, which 1s
coordinated with the measuring resistor structure R, to
ground. The voltage 5 dropped across said resistor structure
R* 1s bulfered by means of a third differential amplifier 20
and switched to one input of a multiplexer 19, the other input
of which 1s connected to the output of the first differential
amplifier 15. The multiplexer 19 1s followed by an analog-to-
digital converter 25 (ADC) and an evaluation circuit 26.

In detail, 1n the case of the circuit 2, the noninverting input
of the differential amplifier 6 1s connected to a stabilized
reference voltage 21 and the output of the diflerential ampli-
fier 6 1s connected to the gate terminal ol the second transistor
structure 7. Furthermore, the source terminal of the second
transistor structure 7 1s connected to the inverting input of the
differential amplifier 6 and, via the external precision resistor
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8, to ground, as a result of which the constant current 3 is
generated which flows through the external precision resistor
8. The two drain terminals of the third transistor structure 9
and the fourth transistor structure 10 are connected to the
supply voltage 22, the gate terminal of the third transistor
structure 9 being connected to the gate terminal of the fourth
transistor structure 10 and to the source terminal of the third
transistor structure 9. The source terminal of the fourth tran-
sistor structure 10 1s coupled to ground via the resistor struc-
ture R*. In this case, the further resistor structure R* 1s coor-
dinated with the measuring resistor structure R in such a way
that 1t has the same temperature coetficient and thus maps all
temperature-dictated resistance changes of the measuring
resistor structure R.

For taking account of the temperature dependence of the
resistance of the measuring resistor structure R, the voltages
23 and 24 from the differential amplifier 15 and 20, respec-
tively, which voltages are present at the inputs of the multi-
plexer structure 19 in accordance with the circuit arrangement
as shown 1 FIG. 1, are evaluated. In this case, the voltage 18
dropped across the measuring resistor structure R and ampli-
fied by the differential amplifier 135 (producing the voltage 23)
initially represents a measure of the load current 16 that 1s to
be measured and tlows via said measuring resistor structure
R, but without compensation of the undesirable temperature
dependence of the measuring resistor structure R. Alternately
to this voltage 23, via the further input of the multiplexer
structure 19, the voltage 24 dropped across the turther resistor
structure R* 1s fed to the downstream analog-to-digital con-
verter 25 (ADC) for conversion into a digital signal, said
voltage 24 being generated by the differential amplifier 20
connected as an impedance converter (butler) at the nonin-
verting input of which differential amplifier the voltage 5 1s
present, which voltage 1s equal to the product of the resistance
of the resistor structure R* and the constant current 4 pro-
duced from the current mirroring. The change in said voltage
24 depending on the temperature (change in the resistance of
the resistor structure R*) 1s a measure of the change 1n the
voltage 18 1nitiated by temperature change and accordingly
the change 1n the resistance of the resistor structure R*. Since
the resistances of the further resistor R* and of the measuring
resistor structure R, according to at least one embodiment of
the invention, have the same temperature coefficient and are
exposed to the same temperature, the temperature-dictated
change in the voltage 24 1s a measure of the temperature-
dictated change in the voltage 23.

In this way, 1n the evaluation circuit 26, connected down-
stream of the analog-to-digital converter 25 (ADC), the tem-
perature dependence of the resistance of the measuring resis-
tor structure R can be derived from the temperature
dependence of the resistance of the further resistor structure
R* and be taken into account—in averaged or unaveraged
fashion—as a corresponding correction value 1n the measure-
ment of the current 16.

The outlined method and the circuit arrangement accord-
ing to FIG. 1 presuppose for the function according to at least
one embodiment of the invention that the measuring resistor
structure R and the resistor structure R* additionally inte-
grated into the semiconductor body 1 essentially have the
same temperature 1n all operating states and behave 1denti-
cally 1n the event of temperature changes.

These demands are met for example by the circuit arrange-
ment according to FIG. 2. FIG. 2 shows the configuration of
the two resistor structures R and R* 1n detail. In this case, the
measuring resistor structure R 1s embodied by a multiplicity n
of individual resistor structures R, to R, each having an 1den-
tical resistance and connected 1n parallel. The identity of the




US 7,443,178 B2

S

absolute values of the resistances of the multiplicity n of
resistor structures R, to R, connected in parallel 1s achieved
by trimming the absolute values by means of laser fuses
which are realized 1n the course of the production process for
cach individual one of said resistor structures R, to R, . Con-
necting the multiplicity n of resistor structures R, to R, in
parallel makes it possible to realize a sufliciently low total
resistance for the measuring resistor structure R, such as 1s
desired for a measuring resistor when measuring currents.

Furthermore, the resistor structure R* 1s embodied by a
multiplicity n of individual (partial) resistor structures R*; to
R* each having an 1dentical resistance which are connected
in series. The 1identity of the absolute values of the resistances
of the multiplicity n of resistor structures R*, to R*, con-
nected 1n series 1s achieved by trimming the absolute values
by means of laser fuses which are realized in the course of the
production process for each individual one of said resistor
structures R*, to R* . In this case, the absolute resistances of
the resistor structures R, to R, and R*, to R*, are embodied
with the same resistance not only within in each case the
individual groups of the resistor structures connected 1n par-
allel and 1n series, respectively, but also from group to group,
that 1s to say that, for example, resistance R, 1s equal to
resistance R*,, resistance R, 1s equal to resistance R*,
through to resistance R 1s equal to resistance R* , and also
resistances R, , andresistances R*,  are identical.

What 1s achieved 1n this way 1s that a different area extent—
governed by different resistances—of the resistor structures
on the substrate of the semiconductor body does not lead to
different temperature coellicients of the respective pair. The
embodiment not only of individual pairs of the resistor struc-
tures with the same absolute resistance but of all partial struc-
tures associated with a respective resistor structure R and
resistor structure R* 1s extremely advantageous for the func-
tion ol the circuit arrangement and the evaluation of the
voltage 5 dropped across the resistor structure R*. Further-
more, 1t also entails production-technological advantages
since 1t 1s possible to produce 1dentical structures 1n semicon-
ductors with high relative precision.

Furthermore, the two resistor structures R and R* are pret-
erably interleaved in one another by way of their partial
structures on the semiconductor body 1n such a way that at
least each individual pair of resistor structures R, and R*,, R,
and R*, to R, and R*  1s always arranged 1n the production-
technologically greatest possible proximity to the other pairs.
This exploits the circumstance that said resistor structures
have the same temperature at any time owing to their small
extent and their close proximity in the semiconductor body
and, consequently, changes 1n the resistances on account of
temperature changes have an identical profile. Preferably, not
only the individual pairs of resistor structures are realized 1n
the production-technologically greatest possible proximity to
one another, but rather all the partial structures of resistor
structure R and resistor structure R*, which, inter alia, entails
all the partial structures being exposed to the same tempera-
ture 1n extremely umiform fashion and 1n turn also entails
production-technological advantages.

If 1t 1s ensured by the above-described arrangement and
embodiment of the resistances that each individual resistor
structure R*, to R* represents an accurate image (matching)
of each individual resistor structure R, to R, with regard to its
characteristic quantities such as, for istance, absolute resis-
tance or temperature coelficient, the undesirable temperature
drift due to the temperature-dependent change in the total
resistance of the measuring resistor structure R can be simu-
lated by the temperature drift due to the temperature-depen-
dent change in the total resistance of the further resistor
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structure R*. In this case, the value of the change 1n voltage
with impressed current 4 across the structure formed from a
multiplicity n of individual further resistor structures R*, to
R* connected in series 1s a measure of the value by which the
resistance of each individual resistor structure R, to R, ofthe
measuring resistor structure R* changes over the tempera-
ture. This results specifically from total change in voltage
across resistor structure R*, to R* divided by number n of
resistor structures divided by the impressed current 4.

With regard to the fact that each individual resistor struc-
ture R*, to R* represents an accurate image of each indi-
vidual resistor structure R, to R, , the temperature-dictated
change 1n the resistance of the measuring resistor structure R
formed from a multiplicity n of individual resistor structures
R, to R, connected in parallel can be calculated by the circuit
arrangement for digital processing 26 and be used for the
correction of the voltage value 18 dropped across said mea-
suring resistor structure R and thus for the exact, temperature-
independent measurement of the load current 16.

Since a plurality of constant currents can be derived from
an 1individual reference current by a current mirror in a semi-
conductor body, 1n the present case for example by connect-
ing a plurality of the series resistor structures R* in parallel,
the solution described is also suitable for realizing, with oth-
erwise 1dentical external components (an individual precision
resistor), multichannel measuring arrangements with tem-
perature correction within a single semiconductor body.

While the invention disclosed herein has been described 1n
terms of several preferred embodiments, there are numerous
alterations, permutations, and equivalents which fall within
the scope of this mvention. It should also be noted that there
are many alternative ways of implementing the methods and
compositions of the present invention. It 1s therefore intended
that the following appended claims be interpreted as includ-
ing all such alterations, permutations, and equivalents as fall
within the true spirit and scope of the present invention.

What 1s claimed 1s:

1. An electrical circuit comprising:

at least one measuring resistor structure integrated in a

semiconductor body, the measuring resistor structure
including a plurality of individual partial structures con-
nected 1n parallel;

at least one further resistor structure integrated 1n the semi-

conductor body and thermally coupled to the measuring,
resistor structure, the further resistor structure including
a plurality of individual partial structures connected 1n
series, wherein the plurality of individual partial struc-
tures connected in parallel are respectively arranged
alongside the plurality of individual partial structures
connected 1n series; and

a circuit arrangement electrically connected to the further

resistor structure and configured to feed a current to the
further resistor structure and evaluate a temperature-
dependent voltage dropped across the further resistor
structure, wherein the temperature-dependent voltage
provides a signal used for temperature compensation of
the measuring resistor structure.

2. The electrical circuit of claim 1 wherein the plurality of
individual partial structures connected 1n parallel are respec-
tively arranged 1n a manner interleaved with the plurality of
individual partial structures connected 1n series.

3. The electrical circuit of claim 1 wherein the number of
individual partial structures connected 1n parallel 1s equal to
the number of individual partial structures connected in
SEeries.

4. The electrical circuit of claim 1 wherein the plurality of
individual partial structures connected 1n parallel each have
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the same resistance and wherein the plurality of individual
partial structures connected in series each have the same
resistance.

5. The electrical circuit of claim 1 wherein the plurality of
individual partial structures connected in parallel and the
respectively corresponding plurality of individual partial
structures connected 1n series have the same resistance.

6. The electrical circuit of claim 1 wherein all of the mdi-
vidual partial structures are 1dentical.

7. The electrical circuit of claim 1 wherein the current fed
into the further resistor structure 1s temperature-independent.

8. The electrical circuit of claim 7 wherein the current fed
into the further resistor structure 1s generated using an exter-
nal precision resistor.

9. The electrical circuit of claim 1 wherein an evaluation
circuit generates temperature data from the temperature-de-
pendent voltage across the further resistor structure.

10. The electrical circuit of claim 9 wherein the evaluation
circuit includes an analog-to-digital converter.

11. The electrical circuit of claim 9 wherein the evaluation
circuit includes a digital signal processing unit.

12. The electrical circuit of claim 9 wherein the evaluation
circuit averages the temperature data.

13. The electrical circuit of claim 9 wherein the evaluation
circuit compensates the electrical resistance of the measuring
resistor structure or the voltage across the measuring resistor
structure depending on the temperature data.

14. A circuit arrangement comprising:

at least one measuring resistor structure integrated in a

semiconductor body, the at least one measuring resistor
structure including a plurality of individual partial struc-
tures connected 1n parallel;

at least one further resistor structure integrated 1n the semi-

conductor body and thermally coupled to the measuring
resistor structure, the at least one further resistor struc-
ture including a plurality of individual partial structures
connected 1n series, wherein the plurality of individual
partial structures connected in parallel are respectively
arranged alongside the plurality of individual partial
structures connected 1n series;
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a current generating circuit electrically connected to the
further resistor structure and configured to deliver a con-
stant current to the further resistor structure, the current
resulting 1n a temperature-dependent voltage dropped
across the further resistor structure; and

an evaluation circuit configured to evaluate the tempera-
ture-dependent voltage dropped across the further resis-
tor structure and compensate for the temperature depen-
dence of the resistance of the measuring resistor
structure.

15. A circuit arrangement comprising:

at least one measuring resistor structure integrated in a
semiconductor body, the at least one measuring resistor
structure including a plurality of individual partial struc-
tures connected 1n parallel;

at least one further resistor structure integrated 1n the semi-
conductor body and thermally coupled to the measuring
resistor structure, the at least one further resistor struc-
ture including a plurality of individual partial structures
connected 1n series, wherein the plurality of individual
partial structures connected in parallel are respectively
arranged alongside the plurality of individual partial
structures connected 1n series;

an electrical circuit connected to the further resistor struc-
ture and configured to apply a temperature-independent
clectrical parameter to the further resistor structure,
application of the temperature-independent electrical
parameter resulting 1n a temperature-dependent electr-
cal parameter provided across the further resistor struc-
ture; and

an evaluation circuit configured to evaluate the tempera-
ture-dependent electrical parameter provided across the
further resistor structure and compensate for the tem-
perature dependence of the resistance of the measuring
resistor structure.

16. The circuit arrangement of claim 15 wherein the tem-

perature-independent electrical parameter 1s a current and the
temperature-dependent electrical parameter 1s a voltage.
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